Eukaryotic cells respond to environmental stress by reprogramming protein translation.[1](#bib1){ref-type="ref"} The translation of mRNAs encoding 'housekeeping' proteins is turned off, allowing cells to conserve energy for the repair of stress‐induced molecular damage. At the same time, translation of mRNAs encoding proteins that re‐fold denatured proteins or repair oxidative damage is turned on, allowing cells to survive under adverse conditions. The mRNAs that are translationally repressed during stress accumulate at discrete cytoplasmic foci known as stress granules (SGs).[2](#bib2){ref-type="ref"} The core components of SGs are translationally stalled non‐canonical 48S pre‐initiation complexes, but many other proteins are also concentrated at these foci.[2](#bib2){ref-type="ref"}

Processing bodies (PBs) are a related class of RNA granules at which untranslated mRNA accumulates while awaiting degradation.[3](#bib3){ref-type="ref"}, [4](#bib4){ref-type="ref"}, [5](#bib5){ref-type="ref"} The core components of PBs are mRNA decay factors including deadenylases, decapping enzymes, and a 5′→3′ exonuclease. Unlike SGs, PBs are found in the cytoplasm of unstressed cells. Like SGs, the number of PBs increases when cells are exposed to adverse conditions. The messenger ribonucleoproteins (mRNPs) within SGs and PBs are in a dynamic equilibrium with polysomes.[6](#bib6){ref-type="ref"},[7](#bib7){ref-type="ref"} Consequently, the assembly of SGs and PBs is inhibited by drugs that freeze mRNAs within polysomes (e.g., emetine, cycloheximide). These observations led us to propose that SGs function as effectors of molecular triage whereby the composition of the mRNP determines whether individual transcripts are degraded, stored, or reinitiated.[8](#bib8){ref-type="ref"}

As recent reviews have described the dynamic properties of SGs and their components that are crucial for SG assembly,[2](#bib2){ref-type="ref"},[9](#bib9){ref-type="ref"},[10](#bib10){ref-type="ref"} these topics will not be discussed here. In this review, we focus on the signaling pathways that produce posttranslational modifications that promote the assembly of SGs.

PHOSPHORYLATION {#sec1-1}
===============

Phosphorylation and dephosphorylation play key roles in the assembly and disassembly of SGs. The reprogramming of protein translation observed in stressed cells is usually initiated by the phosphorylation of serine 51 on eIF2α.[11](#bib11){ref-type="ref"} The stress‐activated signaling cascades responsible for this event are centered around a related family of serine/threonine kinases. This family includes: (1) PKR (protein kinase R), a double‐stranded RNA‐dependent kinase that is activated by viral infection, heat, and UV irradiation[12](#bib12){ref-type="ref"},[13](#bib13){ref-type="ref"}; (2) PERK (PKR‐like endoplasmic reticulum kinase; also known as PEK, or pancreatic eIF2α kinase), a resident endoplasmic reticulum (ER) protein that is activated when unfolded proteins accumulate in the ER lumen[14](#bib14){ref-type="ref"},[15](#bib15){ref-type="ref"}; (3) GCN2 (general control non‐repressible 2), a protein that is activated primarily by amino acid deprivation[16](#bib16){ref-type="ref"}; and (4) HRI (heme‐regulated inhibitor), a kinase that is activated under conditions of heme deprivation and arsenite‐induced oxidative stress.[17](#bib17){ref-type="ref"},[18](#bib18){ref-type="ref"} Stress‐induced phosphorylation of eIF2α converts eIF2 from a substrate to a competitive inhibitor of eIF2B, the guanine nucleotide exchange factor, depleting the level of the eIF2‐GTP‐methionyl tRNA required for cap‐dependent translation initiation, thereby inhibiting global translation and initiating SG assembly.[2](#bib2){ref-type="ref"}

Phosphorylation of eIF2α stalls translation initiation and allows ribosome runoff. Data from immunofluorescence microscopy suggest that stalled 48S pre‐initiation complexes aggregate into visible foci through the coordinate actions of multiple RNA‐binding proteins that contain self‐aggregation domains. One well‐characterized example of a self‐aggregation domain is the prion‐related glutamine‐rich domain in TIA‐1/TIAR, members of the RNA‐recognition motif (RRM) family of RNA‐binding proteins.[11](#bib11){ref-type="ref"},[19](#bib19){ref-type="ref"},[20](#bib20){ref-type="ref"} Additional SG‐associated proteins possessing aggregation domains include G3BP, fragile X mental retardation protein (FMRP), and TTP.[2](#bib2){ref-type="ref"}

Phosphorylation of SG components also plays an important role in the life cycle of several different viruses. In cells infected with either semliki forest virus[21](#bib21){ref-type="ref"} or herpes simplex virus type 1,[22](#bib22){ref-type="ref"} activation of PKR results in the transient assembly of SGs that may contribute to the shut down of host protein synthesis. In contrast, during rotavirus infection, eIF2α is phosphorylated but SGs are not assembled.[23](#bib23){ref-type="ref"} Relocalization of PABP to the nucleus has been proposed to contribute to the inhibition of SG assembly. It is possible that this virus facilitates the expression of its mRNAs by preventing the formation of SGs in the host cell. These studies suggest that manipulation of SG assembly may provide targets for the development of new anti‐viral therapies.

In cells infected with the coronavirus‐related virus that causes severe acute respiratory syndrome (SARS), the phosphorylation status of a nucleocapsid protein participating in viral RNA replication and transcription appears to modulate SG assembly.[24](#bib24){ref-type="ref"} The phosphorylation of nucleocapsid protein within an arginine/serine‐rich (SR) motif somehow inhibits SG assembly during virus infection. Ectopic co‐expression of wild‐type nucleocapsid protein and SR protein kinase 1 prevents arsenite‐induced SG assembly. If inhibitors of SR protein kinase 1 allow SG assembly and inhibit viral replication, they may be candidates for a new class of anti‐viral agent.

Phosphorylation of TTP has been shown to regulate interactions between SGs and PBs. TTP is an adenine/uridine‐rich element (ARE) binding protein that promotes the decay of several transcripts encoding mediators of inflammation.[25](#bib25){ref-type="ref"} This is accomplished by delivering ARE‐containing transcripts to the exosome, a multi‐subunit degradative enzyme, or the PB.[4](#bib4){ref-type="ref"},[26](#bib26){ref-type="ref"} These transcripts can be rescued from TTP‐mediated decay by lipopolysaccharide‐induced activation of MK2, a kinase that phosphorylates TTP on serine residues 52 and 178.[27](#bib27){ref-type="ref"} This allows the binding of 14‐3‐3 proteins that effectively inactivate TTP.[27](#bib27){ref-type="ref"} As these modifications also prevent TTP‐mediated interactions between SGs and PBs,[8](#bib8){ref-type="ref"} it is possible that TTP allows selected transcripts to be presented to (or be transferred to) PBs for degradation.

Phosphorylation of G3BP, a protein originally characterized as a partner of the Ras‐GTPase‐activating protein,[28](#bib28){ref-type="ref"} also regulates the assembly and disassembly of SGs. G3BP is a cytoplasmic protein that quantitatively moves to SGs in response to stress.[29](#bib29){ref-type="ref"} Overexpression of G3BP is sufficient to induce SG assembly, and targeted knockdown of G3BP prevents SG assembly, indicating that it is a key regulator of this process. Phosphorylation of G3BP on serine residue 149 inhibits SG assembly, a possible consequence of reduced homotypic aggregation.[29](#bib29){ref-type="ref"} Analysis of non‐phosphorylatable (S149A) and phosphomimetic (S149E) G3BP mutants confirmed the importance of this modification. Whereas both mutants are efficiently recruited to SGs in cells subjected to arsenite‐induced oxidative stress, overexpression of G3BP (S149A), but not G3BP (S149E), induces SG assembly. It remains to be determined how phosphorylation of G3BP regulates SG assembly.

Phosphorylation of growth factor receptor‐bound protein 7 (Grb7) by focal adhesion kinase (FAK) modulates the dynamics of SG assembly and disassembly during heat shock.[30](#bib30){ref-type="ref"} Both Fak and Grb7 are integral SG components, and RNAi‐mediated depletion of Grb7 inhibits the appearance of SGs in cells cultured at supra‐ambient temperatures. Although phosphorylation of Grb7 does not inhibit heat‐stress‐induced SG assembly, it significantly enhances SG dissolution in cells allowed to recover from heat stress. Analysis of non‐phosphorylatable Grb7 mutants (Y483F/Y495F) confirmed the importance of phosphorylation in promoting the dissolution of SGs. Phosphorylation of Grb7 was found to prevent its interaction with the SG proteins HuR, TIA‐1, and Staufen in co‐immunoprecipitation assays. More importantly, this phosphorylation event partially restored the translation of selected transcripts (but not necessarily global translation) upon removal of heat stress.

More recently, CDK function has been shown to be required for SG formation in response to UV irradiation. In contrast, the main repair checkpoint pathways initiated by ATM or ATR do not modulate SG assembly.[31](#bib31){ref-type="ref"} CDK does not regulate arsenite‐induced SG assembly, implying that UV‐damage‐induced SG assembly is selectively dependent upon CDK signaling. It will be of interest to determine the effects of downstream targets of CDK signaling on the assembly of SGs.

The sequestration of signaling components at SGs can also regulate the survival of stressed cells. RACK1 is a scaffold protein that is required for the activation of the MAP kinase cascade that culminates in the activation of p38 and JNK, potent effectors of stress‐induced apoptosis. In stressed cells, sequestration of RACK1 at SGs prevents stress‐induced apoptosis, allowing SGs to actively promote the survival of cells exposed to adverse conditions.[32](#bib32){ref-type="ref"} Similarly, the recruitment of the RSK2 kinase to SGs and to the nucleus requires its binding to TIA‐1, which affects both its ability to induce cyclin D1 and promote survival of cells exposed to oxidative stress.[33](#bib33){ref-type="ref"} It is possible that these kinases modulate SG assembly independent of their kinase activity. This could involve heterotypic interactions with specific SG components or disruption of interactions between SG components.

O‐GLCNACYLATION {#sec1-2}
===============

We recently completed an siRNA‐mediated microscopic screen to identify genes that are required for the assembly of SGs.[34](#bib34){ref-type="ref"} We found that knockdown of SORT1 (sortilin) strongly inhibits the assembly of SGs and PBs in cells subjected to arsenite‐induced oxidative stress. Consistent with this, ectopic overexpression of sortilin induced the assembly of SGs, confirming its importance as a regulator of SGs. As sortilin was not concentrated at SGs, we hypothesized that it may be a component of a signaling pathway that indirectly regulates SG assembly.

In 3T3‐L1 adipocytes, sortilin directs Glut4‐containing endosomes to the plasma membrane following insulin stimulation to facilitate glucose uptake.[35](#bib35){ref-type="ref"} Internalized glucose can be multimerized to produce glycogen, metabolized to produce ATP and pyruvate, or modified to produce N‐acetylglucosamine, a substrate for the hexosamine biosynthetic pathway (HBP). The HBP reversibly adds the monosaccharide O‐linked N‐acetylglucosamine (O‐GlcNAc) to serine and threonine residues (O‐GlcNAcylation) to target proteins in a process that is similar to phosphorylation.[36](#bib36){ref-type="ref"} The HBP modulates a wide array of cellular process, such as signal transduction,[37](#bib37){ref-type="ref"} glucose sensing,[38](#bib38){ref-type="ref"} the stress response,[38](#bib38){ref-type="ref"},[39](#bib39){ref-type="ref"} transcription,[40](#bib40){ref-type="ref"} apoptosis, and[41](#bib41){ref-type="ref"},[42](#bib42){ref-type="ref"} proteosomal degradation.[43](#bib43){ref-type="ref"} The first step in the conversion of glucose to GlcNAc is GFAT (L‐glutamine: D‐fructose‐6‐phosphate amidotransferase)‐mediated amidylation. The HBP culminates in the formation of uridine 5^′^‐diphosphate (UDP)‐GlcNAc, the unique monosccharide donor for the O‐GlcNAcylation of target proteins. The conjugation and deconjugation of O‐GlcNAc are mediated by two antagonistic enzymes, O‐GlcNAc transferase (OGT) and O‐GlcNAcase, respectively.

The fact that HBP is activated by various cellular stresses led us to further investigate the functional significance of this pathway for SG assembly.[38](#bib38){ref-type="ref"},[44](#bib44){ref-type="ref"} As expected, knockdown of genes encoding GFAT and OGT strongly inhibits arsenite‐induced SG assembly, whereas knockdown of O‐GlcNAcase, the enzyme that removes O‐GlcNAc from target protein, has no effect on SG assembly. GFAT has two isoforms, GFAT1 and GFAT2. In our assay, only GFAT2 knockdown inhibits SG assembly, suggesting that under stress conditions, the HBP is activated through GFAT2. Collectively, these data support a role for glycosylation in the regulation of SG assembly.

Immunofluorescence analysis using two different anti‐O‐GlcNAc antibodies detects strong O‐GlcNAc staining in arsenite‐induced SGs, indicating that O‐GlcNAcylated proteins are SG components.[34](#bib34){ref-type="ref"} Moreover, we found that OGT is colocalized to arsenite‐induced SGs. To identify specific O‐GlcNAcylated proteins potentially recruited to SGs, we analyzed samples from polysome fractions from mock versus arsenite‐treated U2OS cells. Immunoblots probed with O‐GlcNAc antibodies revealed numerous O‐GlcNAcylated proteins sized 10∼40 KDa that co‐localize with translationally stalled 80S monosome fractions in sucrose gradients. Immuno‐purification of these O‐GlcNAcylated proteins revealed these modified proteins to be components of small and large ribosomal subunits, the ribosomal associated protein RACK1, glyceraldehyde‐3‐phosphate dehydrogenase (GAPDH), prohibitin‐2, and several other proteins.[34](#bib34){ref-type="ref"} It was surprising to find large ribosomal subunit proteins as O‐GlcNAcylated targets because the large ribosomal subunit is excluded from SGs.[45](#bib45){ref-type="ref"} As arsenite‐induced eIF2α phosphorylation and subsequent polysome disassembly are normal in sortilin and OGT knockdown cells, O‐GlcNAcylation appears to be required for the aggregation of untranslated mRNPs at SGs.[34](#bib34){ref-type="ref"} It is possible that these sugars serve as a molecular glue that promotes the aggregation of untranslated mRNPs. Alternatively, O‐GlcNAc modifications may facilitate translational repression by interfering with ribosomal subunit association.

In the yeast, *Saccharomyces cerevisiae*, SG‐related foci termed EGP bodies induced upon glucose deprivation have been described. EGP bodies are composed of typical SG markers (e.g., eIF4E, eIF4G, and Pab1) but lack the 40S ribosomal subunits and eIF3.[46](#bib46){ref-type="ref"}, [47](#bib47){ref-type="ref"}, [48](#bib48){ref-type="ref"} It is interesting to note that budding yeast apparently lacks O‐GlcNAcylation due to the absence of OGT, suggesting that modification of the translation machinery may account for differences between yeast EGP bodies and mammalian SGs.

HYPUSINATION {#sec1-3}
============

Hypusination is an unusual posttranslational modification mediated by the polyamine biosynthetic pathway that is involved in many cellular processes including cell proliferation and the stress response. Hypusine \[N^ε^‐(4‐amino‐2‐hydroxybutyl)lysine\], a derivative of spermidine, is covalently conjugated to eukaryotic translation initiation factor 5A (eIF5A) at a lysine residue (Lys50 in human) via two consecutive enzymatic reactions: first, the enzyme deoxyhypusine synthase (DHS) catalyzes the transfer of the aminobutyl moiety from spermidine to the lysine residue in eIF5A which in turn is hydroxylated by deoxyhypusine hydroxylase (DOHH)[49](#bib49){ref-type="ref"} (Figure [1](#fig1){ref-type="fig"}). eIF5A is the only known hypusinated protein in nature and this hypusination is absolutely required for its function.[50](#bib50){ref-type="ref"}

![Hypusination of eIF5A via the polyamine biosynthetic pathway. ODC, ornithine decarboxylase; DHS, deoxyhypusine synthase; DOHH, deoxyhypusine hydroxylase. N1‐Guanyl‐1,7‐diaminoheptane (GC7) is a competitive inhibitor of DHS.](WRNA-1-486-g001){#fig1}

The role of eIF5A in mRNA translation has been extensively studied but its actual function is still in question. eIF5A was first purified from rabbit reticulocytes as a ribosome‐associated translation initiation factor and shown to stimulate methionyl‐puromycin synthesis, suggestive of a role in the formation of the first peptide bond.[51](#bib51){ref-type="ref"} However, analyses using eIF5A‐deficient yeast *S. cerevisiae* showed that global protein synthesis was inhibited by only 30%, suggesting that it has a non‐essential role in protein synthesis.[52](#bib52){ref-type="ref"} Depletion of eIF5A in mammalian cells using siRNAs also displayed only a marginal effect on global translation rate (decrease by ∼10%).[53](#bib53){ref-type="ref"} Thus, it was hypothesized that eIF5A may function in a different stage of translation or affect only a subset of mRNAs.

Recently, several studies along with ours implicated a role for hypusinated eIF5A in the translation elongation process.[53](#bib53){ref-type="ref"}, [54](#bib54){ref-type="ref"}, [55](#bib55){ref-type="ref"}, [56](#bib56){ref-type="ref"} Mass‐spectrometric analysis revealed that GST‐eIF5A fusion protein can be co‐purified with the translation elongation factor 2 (eEF2) in yeast, suggesting that eIF5A associates with translationally elongating ribosomes.[54](#bib54){ref-type="ref"} Genetic evidence also showed that an eIF5A mutant tif51A‐3 interacts with the translation elongation mutant eft2^H699K^ (eEF2). Moreover, polysome profiling analysis with temperature‐sensitive eIF5A mutants showed an increase in polysome peaks compared to isogenic wild‐type controls that is also observed in the eft2^H699K^ mutant.[55](#bib55){ref-type="ref"} The retention of polysomes under cyclohexamide (CHX)‐free conditions was also observed in the yeast tif51a‐td, a temperature‐sensitive eIF5A degron mutant cultured at the restrictive temperature. Most importantly, eIF5A but not a non‐hypusinatable mutant \[eIF5A(K51R)\] can stimulate translation elongation and termination in an *in vitro* system.[56](#bib56){ref-type="ref"}

Our RNAi screen revealed that ornithine decarboxylase (ODC), an enzyme required for the synthesis of polyamines, is essential for arsenite‐induced assembly of SGs.[53](#bib53){ref-type="ref"} Moreover, siRNA‐mediated depletion of eIF5A, a downstream target of the polyamine pathway, dramatically reduces SG formation in cells exposed to oxidative stress. This is further supported by the finding that knockdown (using siRNAs) or inhibition (using GC7) of DHS, an enzyme that covalently joins spermidine to eIF5A,[57](#bib57){ref-type="ref"} inhibits SG assembly. We concluded that hypusination of eIF5A via polyamine synthesis pathway is crucial for SG formation.[53](#bib53){ref-type="ref"}

Because stalled translation elongation induced by cycloheximide or emetine inhibits SG assembly, eIF5A may be required to maintain translation elongation in stressed cells. Several lines of evidence support this hypothesis. First, temperature‐sensitive eIF5A mutants are hypersensitive to the peptidyltransferase inhibitors sparsomycin and anisomycin.[54](#bib54){ref-type="ref"} Second, translation elongation factor 2 (eEF2) and 80S ribosomal subunits co‐purify with eIF5A.[54](#bib54){ref-type="ref"} Third, ribosomal transit time is abnormal upon eIF5A inactivation and this phenomenon mimics effects of the eEF2 inhibitor sordarin.[55](#bib55){ref-type="ref"},[56](#bib56){ref-type="ref"} Finally, we have found that eIF5A knockdown delays ribosome runoff in U2OS cells subjected to arsenite‐induced oxidative stress.[53](#bib53){ref-type="ref"} Similar results were observed following ODC1 knockdown which significantly impairs eIF5A hypusination.[53](#bib53){ref-type="ref"} Thus, hypusinated eIF5A may play an important role in promoting translation elongation in stressed compared to unstressed cells. Depletion of eEF2 also has a strong inhibitory effect on SG formation[34](#bib34){ref-type="ref"} (Figure [2](#fig2){ref-type="fig"}). As eEF2 is phosphorylated in response to stress, this modification may modulate interactions with eIF5A. It is tempting to speculate that eIF5A may physically interact with phospho‐eEF2 to maintain ribosome elongation in cells subjected to adverse conditions.

![Depletion of eukaryotic translation elongation factor 2 (eEF2) inhibits SG assembly. RDG3 (GFP‐G3BP, SG marker; RFP‐Dcp1a, PB marker) double stable cells were transfected with control (siCONT) or eEF2‐specific (siEEF2) siRNAs, then SGs were induced by treating with sodium arsenite (0.5 mM) for 30 min.](WRNA-1-486-g002){#fig2}

METHYLATION {#sec1-4}
===========

Methylation of lysine and arginine residues regulates many different cellular processes including the DNA damage response, chromatin remodeling, and RNA metabolism.[58](#bib58){ref-type="ref"}, [59](#bib59){ref-type="ref"}, [60](#bib60){ref-type="ref"} S‐adenosyl‐L‐methionine is an essential co‐factor used by different types of methyltransferases.[61](#bib61){ref-type="ref"} Arginine methylation mediated by lysine and peptidylarginine methyltransferses transfers methyl groups from S‐adenosyl‐L‐methionine to one or more terminal nitrogens on lysine or arginine residues of target proteins.[61](#bib61){ref-type="ref"}, [62](#bib62){ref-type="ref"}, [63](#bib63){ref-type="ref"} Arginine can be mono‐ or di‐methylated in a symmetric (one methyl group on each nitrogen) or asymmetric (both methyl groups on one terminal nitrogen) manner.[64](#bib64){ref-type="ref"} Protein arginine methylation typically occurs within RGG domains of RNA‐binding proteins such as the FMRP and heterogeneous ribonucleoproteins.[60](#bib60){ref-type="ref"},[65](#bib65){ref-type="ref"}

Methylation of the RGG domain of FMRP has been implicated in SG assembly.[66](#bib66){ref-type="ref"} FMRP, which exhibits a punctate cytoplasmic distribution under non‐stressed conditions, quantitatively relocalizes to SGs in response to heat or arsenite‐induced oxidative stress.[66](#bib66){ref-type="ref"},[67](#bib67){ref-type="ref"} The methylation inhibitor adenosine‐2^′^, 3^′^‐dialdehyde (AdOx) increases the assembly of FMRP‐containing granules at baseline, inhibits arsenite‐induced SG assembly, and prevents the recruitment of FMRP to SGs. Thus, methylation of FMRP appears to be required for both recruitment to SGs and optimal SG assembly.

Methylation of the cold‐inducible RNA‐binding protein (CIRP) is also required for the assembly of SG.[68](#bib68){ref-type="ref"} CIRP contains an RRM in its amino‐terminus and an RGG motif in its carboxyl‐terminus, both of which are required for RNA binding and SG formation. In contrast to FMRP, methylation of RGG promotes the relocalization of CIRP from the nucleus to the cytoplasm of stressed cells. Unlike FMRP, methylation inhibitors (e.g., AdOx) do not promote the cytoplasmic aggregation of CIRP, suggesting that methylated RGG domains may not be sufficient to induce SG‐independent protein aggregation.

OTHER MODIFICATIONS {#sec1-5}
===================

Additional posttranslational modifiers identified in our RNAi screen as modulators of SG assembly include EP300, USP10, and UBE2M.[34](#bib34){ref-type="ref"} EP300 is a histone acetyltransferase that modulates transcription by remodeling chromatin.[69](#bib69){ref-type="ref"} Its role in SG assembly may be an indirect consequence of depleting the mRNA pool, but it is possible that SG assembly is enhanced by acetylation of specific SG components. USP10 is a deubiquinating enzyme that has been implicated in various cellular functions.[70](#bib70){ref-type="ref"} As ubiquitination has been implicated in SG assembly,[71](#bib71){ref-type="ref"},[72](#bib72){ref-type="ref"} it is possible that the balance between ubiquitination and deubiquitination modulates this process. UBE2M is an NEDD8‐conjugating E2 enzyme that is required for neddylation of target proteins.[73](#bib73){ref-type="ref"} An understanding of the diverse regulatory pathways involved in SG assembly will require additional investigation.

CONCLUSIONS {#sec1-6}
===========

During the past decade, significant progress has been made in understanding the role of SGs in maintaining the survival of cells exposed to adverse conditions. SGs help to silence the expression of housekeeping genes and promote the expression of molecular chaperones that repair stress‐induced damage.[74](#bib74){ref-type="ref"} At the same time, sequestration of selected proteins within SGs (e.g., RACK1, RSK2) may determine whether stressed cells live and repair stress‐induced damage, or die by apoptosis. In this sense, SGs may play a key role in modulating life or death decisions in cells exposed to adverse conditions. The finding that SG assembly and disassembly are regulated by myriad posttranslational modifications of SG components indicates that this process is subject to complex regulation. It is likely that the identification of new types of modifications, additional modified target proteins, and upstream signaling pathways will be essential to fully understand the functions of SGs. Drugs that target these signaling cascades may prove useful in the treatment of infectious diseases and cancer.
